The current situation in our neonatal intensive care unit (NICU) at Universitas Academic Hospital, Bloemfontein, is that all neonates undergo a daily routine X-ray (XR) (either chest or abdominal, or both). Those neonates who are intubated are X-rayed more often, for example, with reintubation, repositioning of endotracheal tubes (ETTs) or when deterioration of their condition is noted. This has been our NICU policy for many years. Consequently, neonates are exposed to high levels of radiation, which should be reduced where possible.
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A literature search suggested that a study to determine the position of an ETT using bedside ultrasonography (BUS) would be feasible and possible. Several studies have confirmed that BUS can accurately determine the placing of ETTs in a paediatric ICU setting. [1] [2] [3] Ultrasound (US) and chest radiography agreed on ETT placement in 83% of cases, with US having a sensitivity of 91% and a specificity of 50%. [4] Hosseini et al. [5] used right subcostal US with good results to evaluate diaphragmatic motion for secondary confirmation of ETT position. The overall accuracy of BUS was 98.1% (95% confidence interval (CI) 93.0 -100%). [5] A kappa of 0.85 indicated a very good agreement between the bedside upper airway ultrasonography and waveform capnography. [6] In a Cochrane review, Schmölzer et al. [7] compared techniques to ascertain correct ETT placement in neonates, including US, but found insufficient evidence to determine the most effective technique.
Having a US machine readily available in our NICU, we considered it appropriate to optimise available resources in order to expedite service delivery efficiently with a quicker examination that clinicians could do themselves, with real-time alterations and confirmation of ETT positioning. Therefore, the objective of the study was to investigate the feasibility of determining the position of ETTs in neonates by using BUS, and to compare the results with those obtained from chest XR (CXR) findings.
Methods
A prospective, cross-sectional study was done on intubated neonates in the NICU at Universitas Academic Hospital, Bloemfontein, over a 3-month period, to determine the position of ETTs by using BUS.
The procedure and purpose of the investigation were discussed with patients' mothers or caregivers, from whom written consent was obtained. An information document regarding the study and contact details of the researcher was supplied.
Exclusion criteria included patients whose mothers did not give consent and patients with whom the medical team was actively busy with resuscitation and intervention.
At approximately 6 o' clock every morning, each patient in the NICU undergoes a routine CXR, done by radiographers on night duty. For this particular study, intubated patients received an additional US conducted by the first author, a radiology registrar, after radiographers had completed routine XRs in the NICU. This
The feasibility of determining the position of an endotracheal tube in neonates by using bedside ultrasonography compared with chest radiographs approach contributed to the time delay between the two methods of examination. A Toshiba (Japan) Nemio XG US machine with a small curvilinear probe (6 MHz) was used to determine the position of the ETT by BUS. Sagittal and axial images were obtained.
During a pilot study on five neonates, before official data collection commenced, it was determined that the ETT could be visualised well with BUS, although BUS could not determine the exact level of the tip of the ETT according to the thoracic vertebrae, as was the case with CXR. Keeping this in mind, it was decided to apply relevant surface anatomy. Anatomically, the thyroid lies anterior and lateral to the most proximal part of the trachea at the C6/7 vertebral level. [8] The aortic arch begins and ends at the manubriosternal junction at the T4/5 level. [8] The bifurcation of the trachea in neonates is at the T3 -T5 level. In ~85% of neonates, the tracheal bifurcation occurs at T4 level. [9] The ideal position of an ETT in a neonate with the head in neutral position is at the T1/2 level, [9, 10] and when applying surface anatomy, inferior to the level of the thyroid and superior to the aortic arch.
The patients included in this study were mainly premature babies with low birth weight (LBW). The mean thoracic vertebral body height was 5 mm, and the mean intervertebral disk height was 2.5 mm, giving a distance of ~7.5 mm from the inferior end of one thoracic vertebra to the inferior end of the next. Optimal measured distances from the aortic arch to the tip of the ETT (as obtained by BUS) correlated with distances of 1.5 -2.25 cm (T1/2 level) in our patient population.
Two data forms, A and B, were used to capture information on each patient. The reference points noted above were used by the first author on Form A to record the position of the ETT. The correct patient information was noted at the top of both forms, also by the first author, who handed Form B to an independent 'blind' radiologist, who assessed the early morning 06h00 CXR and noted the position of the ETTs on Form B.
Statistical analysis of data was done by the Department of Biostatistics, University of the Free State. Results were summarised by frequencies and percentages (categorical variables) and medians (numerical variables, owing to skew distributions).
Before commencement of the study, ethical approval was obtained from the Ethics Committee, Faculty of Health Sciences, University of the Free State. Permission to conduct the study was also obtained from the Clinical Head of the Universitas Academic Hospital in Bloemfontein. Written parental consent was obtained for every participant.
Results
The 30 patients included in this study had a median age of 13.5 (range 2 -38) days, and a median weight of 1.6 (1.2 -3.1) kg. A median delay of 48 minutes between CXR and BUS occured. Table 1 outlines the positions of ETTs according to the early morning CXR, showing the exact position/level of the ETTs in relation to the vertebral bodies. As shown, 73.3% of ETTs were considered to be placed optimally when CXR was viewed, with optimal being defined by the radiologist as being between C7/T1 disk space and T2/3 disk space. Table 2 outlines the position of the ETTs as observed with BUS and the patient's head position during BUS. According to BUS findings, 93.3% of ETTs were placed optimally, which was defined (objectively) as being at the lower level of the thyroid or just below the thyroid. Table 3 compares CXR and BUS findings regarding optimal placing. The agreement between these findings was poor (κ=0.10; 95% CI -0.2 -0.4). Table 4 shows the measured distances from the aortic arch to the tip of the ETT as obtained by BUS. The thoracic vertebral body height of our specific patient population, including the intervertebral disk space, was ~7.5 mm. The estimated distance from T4 (level of aortic arch) to T2 was 1.5 cm, and 2.25 cm from T4 to T1. Ideally, the tip of the ETT should be ~1.5 -2.25 cm from the level of the aortic arch (at T1/T2 level). In two (6.7%) patients, the measurements were <1.5 cm (T3 level) and in another two (6.7%), it was >2.25 cm (C7 level). Fig. 1 shows a saggital US image in the midline of the neck of an intubated neonate, illustrating ETT and approximate distance to the tip from the aortic arch. Fig. 2 shows an axial US image in the midline of the neck of an intubated neonate, illustrating ETT and thyroid gland anterolateral to the trachea.
Discussion
ETTs in all the patients included in this study could be visualised very well using BUS, which was found feasible and easy to use when applying relevant surface anatomy to determine the optimal position. It can also be used in real time during intubation, without the risk of radiation exposure. alterations can be made immediately in real time and confirmed by using BUS, making the procedure time-and cost-effective. Repositioning of ETTs by handling the babies or altering their head positions from flexion (most CXR head positions) to extension was most likely the main reason why BUS and CXR findings were not comparable. [11] Because small babies have short necks and a relatively small acoustic window in which to do BUS, head position should at least be neutral, although extension is the ideal position to visualise ETTs with BUS. Another possible reason for poor correlation between CXR and BUS was because the head positions of participants were not standardised or recorded when CXRs were performed for this study, a limitation which was not anticipated before the study commenced.
As noted in the Methods, ETTs should be above the arch of the aorta, and below or at the lower level of the thyroid to be correctly in position. Both of these reference points can be observed easily and very well with BUS. These reference points stay constant for every baby independent of weight or size.
Study limitations
Possible measurement errors included repositioning of the ETT during the interval between the CXR and BUS examinations. An ETT can move up to 3.1 mm with neck flexion and up to 7.4 mm with extension in LBW infants, [11] the latter being the ideal position for BUS to visualise the ETT optimally.
Conclusion
Although anatomical reference points for BUS and CXR determination of ETT position ing are not comparable, BUS was found to be an easy, feasible alternative method to determine the optimal position of ETTs in the trachea of neonates when using relevant surface anatomical reference points. It can also be particularly useful in limiting radiation exposure of neonates. More refinement of this method is needed; doctors attending to this patient population would need to be trained to use the technique themselves and to gain experience and confidence in performing the procedure, which is a method worth while exploring. 
